Streptokinase (SK)
1 secreted by Streptococcus equisimilis activates the human fibrinolytic system by converting the zymogen, plasminogen (Pg) into the clot-dissolving proteinase, plasmin (Pm) (1) . This activity is the basis for the use of SK as a thrombolytic drug for treatment of myocardial infarction. SK activates Pg by a unique mechanism initiated by rapid and reversible formation of an SK⅐Pg* complex in which the Pg catalytic site is activated conformationally (2) (3) (4) (5) (6) . Recent equilibrium binding and kinetic studies of the SK-initiated pathway of Pm formation support a mechanism in which rapidly formed SK⅐Pg* binds Pg as a specific substrate, followed by intermolecular cleavage to form initial Pm (3, 4) . SK has ϳ800-and 11,000-fold higher affinity for Pm compared with native [Lys]Pg and [Glu]Pg, respectively, which results in displacement of Pg from SK⅐Pg* and formation of SK⅐Pm, that then catalyzes complete conversion of free Pg to Pm (3, 4) . The Pg activation mechanism is modulated by lysine-binding site (LBS) interactions between SK and kringle domains of Pg and Pm (3, 4, (7) (8) (9) (10) (11) (12) (13) . LBS interactions are not absolutely required, but enhance the affinity of SK⅐Pg* and SK⅐Pm catalytic complex formation and facilitate binding of Pg as a substrate of these complexes (3, 4, 8, 11, 12, 14 -16) .
Many studies have sought to elucidate structure-function relationships involved in SK-initiated Pg activation. As revealed by the crystal structure of SK bound to the catalytic domain of Pm (micro-Pm), SK consists of three homologous, independently folded domains (␣-(1-146), ␤-(147-290), and ␥-(291-414)) connected by flexible linking segments (17) . In solution, free SK is highly flexible, with the three domains able to assume many different conformations due to the linking sequences (18) . SK assumes a stable, highly structured configuration on binding to micro-Pm, in which the domains surround the catalytic site (17) , implying domain arrangement on binding. Several studies now indicate that the structural basis for conformational activation of Pg is insertion of the N-terminal Ile 1 residue of SK into the N-terminal binding cleft of Pg, forming the critical salt bridge with Asp 194 (chymotrypsinogen numbering) that triggers the activating conformational change (19 -22) . Structural proof of this "molecular sexuality" mechanism is lacking for SK but has been demonstrated recently for the conformational prothrombin activator, staphylocoagulase (23) .
Various functions in Pg activation have been attributed to each of the SK domains based on studies of isolated proteolytic fragments, recombinant domains, two domain constructs, and point mutants. Collectively, the studies have yielded a complex mixture of functional effects and a variety of different interpretations. In addition to providing Ile 1 , the ␣-domain has been concluded to mediate Pg substrate binding (15, 24 -27) , LBS interactions with Pg kringles (25) , and the SK-(1-59) segment produced by Pm cleavage at Lys 59 has been reported to bind two Pg molecules (26) . SK-(1-59) remains associated with the rest of the ␣-domain and the two-chain SK retains activity in Pg activation (10, 28 -30) and affinity for Pm (16) . When SK-(1-59) is removed, the ␣-domain unfolds and activity is lost (10, 26, 31) . All three SK domains have been concluded to mediate LBS interactions (10, 12-15, 25, 32). The isolated ␣-domain has been re-ported to support weak activation of Pg (15, 32) and to bind Pg kringles (25) . The crystal structure of the ␣-domain⅐micro-Pg complex shows that it binds in a different location than it does in the full-length SK⅐micro-Pm complex (24) , indicating alternative binding modes for the isolated domain.
The function of the ␣-domain has become of greater interest based on the finding that an SK-(1-59) deletion mutant (SK-(60 -414)) is a more fibrin specific Pg activator (25, 33, 34) . SK-(60 -414) exhibits greatly reduced activity in [Glu]Pg activation in the absence of fibrin fragments, but enhanced activity in their presence (25, 33, 34) . Because of deletion of SK-(1-59), the mutant does not conformationally activate Pg and requires Pm to proteolytically activate Pg. Pm in the presence of SK-(60 -414) or point mutants in SK-(1-59) has also been shown to be more susceptible to inhibition by antiplasmin compared with SK⅐Pm (25, 33) . Further studies of the fibrinolytic activity of SK-(60 -414) showed that it was greater than SK at high but not low SK concentrations because of the relatively higher activity of native SK in activating Pg in plasma, resulting in increased fibrinolysis by depletion of fibrinogen and Pg (33) . The mechanisms underlying the functions of the SK ␣-domain and the behavior of SK-(60 -414) are not understood clearly.
The contribution of the ␣-domain to the affinity of SK (3, 9, 11, 16) . The role of the ␣-domain in the intrinsic differences in affinity and the differential effects of 6-AHA is unknown. The present studies employing the fluorescein-labeled Pg and Pm analogs were undertaken to address the role of LBS-independent and -dependent interactions of the ␣-domain in the affinity for Pg and Pm species, and to provide information necessary to interpret more clearly the functions of the ␣-domain in Pg activation. The results demonstrate a major role for the ␣-domain in LBS-independent interactions with all Pg and Pm species and no evidence for direct participation of this domain in kringle-mediated LBS interactions. Thermodynamic analysis of the interactions of the SK ␣-domain truncation mutants, SK-(55-414), SK-(70 -414), and the complete domain deletion mutant, SK-(152-414) demonstrates that loss of binding free energy from LBS-independent interactions of the ␣-domain is counteracted by expression of an enhanced contribution from LBS-dependent ␤␥-domain interactions or free energy coupling between LBS-independent and -dependent binding of the ␤␥-domain. The results demonstrate the interdependence of the interactions of the individual ␣-, ␤-and ␥-domains of intact SK and the role of coupling of LBS-independent and -dependent interactions in determining the structure of SK bound in the SK⅐Pg* and SK⅐Pm complexes. In keeping with the flexibility between SK domains, deletion of the ␣-domain results in a different bound conformation of the ␤␥-domains. The results support the conclusion that loss of LBS-independent interactions mediated by the ␣-domain with the catalytic domain of Pg and Pm results in the ␤␥-fragment binding in a conformation that more effectively interacts with LBS of Pg and Pm kringles. The redistribution of LBS-independent and -dependent contributions to affinity and the resulting differences between the structures of SK ␣␤␥ ⅐Pg*/Pm and SK ␤␥ ⅐Pg/Pm complexes provide new insight into the complex relationship between SK structure and function in Pg activation.
EXPERIMENTAL PROCEDURES
Protein Purification and Characterization- [Glu] Pg carbohydrate variant 2 was purified from human plasma (35, 36) . [Lys]Pg was generated by incubation of 40 M [Glu]Pg with 2 M Pm in 50 mM Tris-Cl, 20 mM L-lysine, 0.1 M NaCl, pH 9.0, for 30 min at 25°C, and isolated by affinity chromatography on soybean trypsin inhibitor-agarose and aminohexyl-agarose as described previously (3, 11) . [Lys]Pm was prepared by activation of 10 M [Glu]Pg with 90 units/ml urokinase (Calbiochem) in 10 mM MES, 10 mM Hepes, 0.15 M NaCl, 20 mM 6-AHA, 1 mg/ml polyethylene glycol 8000 (PEG), pH 7.4, at 25°C, and purified by chromatography on soybean trypsin inhibitor-agarose (9, 37) .
Recombinant wild-type SK (wtSK) and SK-(55-414) were prepared as described previously (19, 38) with minor modifications. Ammonium sulfate precipitation was omitted, and following affinity chromatography on Pm immobilized on Sulfolink (Pierce), SK was dialyzed into 50 mM Hepes, 50 mM NaCl, pH 7.4 and was further purified by Resource Q FPLC. SK was eluted with a salt gradient from 0.05 to 1 M, fractions containing the SK species were pooled and dialyzed against 50 mM Hepes, 0.125 M NaCl, pH 7.4. The SK mutants in which the first 69 and 151 N-terminal residues were deleted (SK-(70 -414) and SK-(152-414)) were generated by PCR. SK-(70 -414) and SK-(152-414) were amplified with sense primers CATATGTCACATAAACTTGAGAAAGCTGAC-TTACTAAGGC and CATATGCAAAACCAAGCGAAATCTGTTGATG-TGG, respectively, and with the antisense primer, GGATCCTTATTT-GTCGTTAGGGTTATCAGGTATAAGTGTCCC. Template DNA was pET3a/SKC (38) . The resulting products were digested with NdeI and BamHI, and were ligated into similarly treated pET20b(ϩ). Protein expression and purification for SK-(70 -414) and SK-(152-414) were performed as described previously (19) .
Protein concentrations were determined from the A 280 nm absorbance with the following absorption coefficients ((mg/ml) Ϫ1 cm Ϫ1 ) and molecular weights: wtSK 0.95 and 47,000 (39, 40) (43) . 2 Cl was prepared as described previously (44, 45) . ATA-FFR-[Lys]Pm was prepared by incubating 19 M active site-titrated Pm with a 6-fold excess of inhibitor in 0.1 M Hepes, 0.3 M NaCl, 1 mM EDTA, 10 mM 6-AHA, 1 mg/ml PEG, pH 7.0, for 1 h at 25°C, until activity was Ͻ0.01% of the initial value. ATA-FFR-[Lys]Pm was dialyzed overnight against 500 volumes of 50 mM Hepes, 0.3 M NaCl, 1 mM EDTA, pH 7.0, at 4°C. Incorporation of inhibitor measured by burst reaction with 5,5Ј-dithiobis(2-nitrobenzoic acid) (45, 46) , gave a stoichiometry of 0.92 mol of thioester/mol of Pm active sites. For labeling with fluorescein, a 7-ml reaction of 18 M ATA-FFR-Pm with a 5-fold excess of 5-(iodoacetamido)-fluorescein (Molecular Probes) was initiated by addition of 0.1 M NH 2 OH, incubated at 25°C in the dark for 1 h, and excess fluorophore removed by chromatography on a 25 ml column of Sephadex G-25 (superfine). Purified [5F]FFR-[Lys]Pm was dialyzed against 500 volumes of 50 mM Hepes, 0.125 M NaCl, 1 mM EDTA, 1 mg/ml PEG, pH 7.4 buffer at 4°C in the dark, overnight. Quantitation of fluorescein incorporation as described previously (46) gave stoichiometries of 0.88 -0.99 mol fluorescein/mol Pm active sites.
Preparation of Active Site-labeled [Lys]Pm-ATA-FFR-CH

Preparation of Catalytic Site-labeled Pg-[Glu]Pg and [Lys]
Pg were labeled at the catalytic site, separated from free dye on Sephadex G-25, and purified by affinity chromatography on SK-Affi-Gel and PmSulfolink as described previously, with the addition of 20 mM 6-AHA to all reaction buffers (9, 11 5F]FFR-Pm with recombinant SK were done by serial addition of small volumes to labeled Pg or Pm in 50 mM Hepes, 0.125 M NaCl, 1 mM EDTA, 1 mg/ml PEG, 1 mg/ml bovine serum albumin, 1 M FFR-CH 2 Cl, pH 7.4, with and without 10 mM 6-AHA. Titrations were performed with an SLM 8100 spectrofluorometer in the ratio mode, using polyethylene glycol 20,000-coated acrylic cuvettes. Excitation and emission wavelengths were 500 nm and 516 nm, respectively (8-or 16-nm bandpass). Changes in fluorescence were monitored after 7 min of equilibration, and expressed as the fractional change of the initial fluorescence (⌬F/F o ϭ (F obs Ϫ F o )/F o ). Titrations were analyzed by non-linear least-squares fitting of the quadratic binding equation, with the maximum fluorescence change (⌬F max /F o ) and the dissociation constant (K D ) as the fitted parameters. The stoichiometric factor (n) was fixed at 1 for Pg and 1.3 for Pm as determined previously (16) .
Titrations of [Glu] Pg in the extended conformation were performed similarly in buffer containing 1 mM NaCl and 124 mM sodium acetate (11, 47 (3, 11, 16, 19) . Binding studies were done in the absence and presence of near saturating (10 mM) 6-AHA to distinguish between LBS-independent and LBS-dependent contributions to binding. LBS-dependent interactions of SK occur through the kringle domains of Pg (8, 12, 14, 32) , whereas interactions of SK with the catalytic domain are LBSindependent as shown by the crystal structure of the SK⅐micro-Pm complex (17) . Interactions with both sites on Pg contribute to the total free energy of SK binding. The thermodynamics for the situation in which two distinct sites are involved in binding of a complex ligand has been described by Jencks (49) in terms of the total binding free energy involving both sites, the free energy of binding at each site, and a coupling free energy, as given by Equation 1,
where ⌬G D 0 represents LBS-dependent binding, ⌬G I 0 is LBSindependent binding, and ⌬G D-I 0 is the total binding free energy. The coupling free energy represents the free energy advantage (or disadvantage) of SK engaging both types of sites on Pg over the sum of the free energies of the independent interactions. Positive ⌬G C values represent favorable coupling of the interactions. In the present studies, the affinities in the presence of 6-AHA were taken as measurements of ⌬G I 0 and the affinities measured in the absence of 6-AHA represented the total free energy, ⌬G D-I 0 . Because ⌬G D 0 was not measured independently, the differences in the measured free energies represented ⌬G C Ϫ ⌬G D 0 (Equation 2).
This limited the interpretation of the observed free energy differences to changes in either the free energy of LBS-dependent binding or changes in the coupling between LBS-dependent and -independent interactions. The differences in
where the values for wtSK and the mutants are represented as ␣␤␥ and ␤␥, respectively. In this format, a positive free energy difference represents more favorable coupling or LBS-dependent interactions of the truncation mutants.
Binding of SK ␣-Domain Truncation Mutants to [Glu] PgwtSK bound [5F]FFR-[Glu]Pg with dissociation constants of 1000 Ϯ 200 nM and 720 Ϯ 170 nM in the absence and presence of 10 mM 6-AHA, respectively (Fig. 1, A and B) . This was consistent with results obtained previously for native SK and no detectable contribution of LBS interactions to the overall affinity (9, 11) . Deletion of 54 or 69 N-terminal residues of SK, and all 151 residues of the ␣-domain resulted in losses of 2-7-fold in affinity for [Glu] Pg in the absence of 6-AHA, with no major differences between dissociation constants for the mutants (Table I ). The residual affinities of the mutants were near totally lost in the presence of 6-AHA (Fig. 1B) because of Ն3-10-fold further reduced affinities. Conservative estimates of the upper limit of the affinity in the presence of 6-AHA using an assumed titration end point equal to that for wtSK indicated that the dissociation constants for SK-(55-414), SK-(70 -414), and SK-(152-414) were Ն25,000 nM (Fig. 1B) , representing a loss of Ն35-fold in affinity compared with wtSK. LBS-independent interactions contributed essentially all of the binding free energy of SK ␣␤␥ for [Glu]Pg (Table II) . Deletion of the ␣-domain resulted in loss of Ն25% of the free energy of LBSindependent binding and 10 -15% of the total binding energy. This compensating effect indicated a relative gain in LBS-dependent interactions or in coupling free energy of Ն1.2 kcal/mol for SK ␤␥ compared with SK ␣␤␥ (Table II) . Deletion of the ␣-domain converted binding of SK to [Glu] Pg from a LBS-independent interaction into one near totally LBS-dependent.
Binding of SK ␣-Domain Truncation Mutants to [Lys] PgThe affinity of wtSK for [Lys]Pg was 13-fold greater than for [Glu]Pg, and blocking LBS interactions with 6-AHA increased the dissociation constant to 900 Ϯ 300 nM (Fig. 2, A and B) . This value was indistinguishable from that for [Glu]Pg in the presence of 6-AHA, indicating an equivalent binding free energy for LBS-independent interactions (9, 11) ( Table II) . Truncation of the SK ␣-domain had only a small effect (Յ2-fold) on the affinity of SK for [Lys]Pg in the absence of 6-AHA, which was characterized by dissociation constants of 72-124 nM (Fig. 2, A and B and Table I ). The affinities of the SK mutants were decreased Ն200 -350-fold in the presence of 6-AHA compared with its absence, to weak affinities similar to those obtained for [Glu] Pg in the presence of 6-AHA (Fig. 2B and Table I Table I . B, titrations of [5F]FFR-[Glu]Pg with wtSK and SK mutants in the presence of 10 mM 6-AHA, as described in A. The dashed line is a simulated curve for a 25,000 nM dissociation constant assuming a titration end point equivalent to that for wtSK. Titrations were performed and analyzed as described under "Experimental Procedures." ing energy of the ␤␥-fragment of Ն1.7 kcal/mol from the sum of increased LBS interactions or coupling of these interactions with LBS-independent binding (Table II) .
Binding of SK ␣-Domain Mutants to the Extended Conformation of [Glu]Pg-Binding of wtSK and mutant SK species to
[Glu]Pg in ionic strength 0.15 M buffer containing 1 mM NaCl and 124 mM sodium acetate were compared with binding in the preceding experiments at 125 mM NaCl to assess the interactions with the extended conformation of [Glu]Pg formed at low chloride concentration (11, 47) . In the absence of 6-AHA, wtSK showed a 21-fold enhanced affinity for [Glu]Pg, which was reduced 4-fold by 6-AHA to a dissociation constant 4-fold lower than that of [Glu]Pg in the compact conformation (Fig. 3) . Truncation of the ␣-domain resulted in loss of 2-3-fold affinity in the absence of 6-AHA, representing only 4 -7% of the total binding energy. The mutant SK species lost essentially all affinity for the extended form of [Glu]Pg in the presence of 6-AHA, with a minimum estimate of the dissociation constants of Ն100,000 nM (Fig. 3B) , representing loss of Ն40% of the LBS-independent contribution to the binding energy. As in the cases of [Glu]Pg in 125 mM NaCl and [Lys]Pg, the loss of Ն4.0 kcal/mol accompanying truncation of the ␣-domain was countered by a gain of Ն3.2 kcal/mol for the ␤␥-fragment from LBS-dependent interactions or their coupling with LBS-independent binding (Table II) . The results demonstrated that interactions of the ␣-domain contribute primarily to LBS-independent interactions with both the compact and extended conformations of [Glu]Pg and that in both cases the ␤␥-fragment showed increased LBS interactions with Pg or coupling of LBS-dependent and -independent interactions. tinguishable under conditions where a similar affinity of the SK species would have produced a large competitive effect (Fig.  4) . (Fig. 4) . These results demonstrated that the decreased fluorescence changes for the SK mutants reflected loss of affinity.
Effect of SK-(152-414) on Binding of wtSK to [Glu]Pg and [Lys]Pg in the Presence
Binding of SK ␣-Domain Mutants to [Lys]
Pm-wtSK bound fluorescein-labeled Pm with 2400-fold higher affinity than [Lys]Pg (Table I) , consistent with the ϳ3000-fold higher affinity reported previously for native SK (11, 16) . 6-AHA decreased the affinity of wtSK for labeled Pm 10-fold, similar to previous results with native SK (11) . This indicated that LBS interactions contributed indistinguishable Ϫ1.5 and Ϫ1.3 kcal/mol to the binding energy of wtSK for [Lys]Pg and [Lys]Pm, respectively. The LBS-independent contribution to the affinity of wtSK for Pm represented 91% of the total binding energy. Truncation of the SK ␣-domain weakened the overall affinity in the absence of 6-AHA 170 -370-fold, and the LBS-independent affinity measured in 6-AHA by 1000 -3000-fold (Fig. 5 ). This demonstrated a major role of LBS-independent interactions of the ␣-domain in the large difference in affinity for [Lys]Pm compared with [Lys]Pg. The loss of free energy of SK binding with deletion of the ␣-domain represented 34% of the total LBS-independent free energy of Pm binding. These results demonstrated that the ␤␥-domains also contributed substantially to the enhanced affinity accompanying activation of the catalytic domain of [Lys]Pm compared with [Lys]Pg through LBS-independent interactions. LBS-dependent interactions and the coupling free energy of SK binding to Pm accounted for 2.5 and 1.3 kcal/mol contributions to the affinity for Pm of SK ␣-domain mutants and wtSK, respectively, indicating a favorable free energy of coupling or increased contribution of LBSdependent interactions of 1.2 kcal/mol for SK ␤␥ (Table II) . lytic domain of Pg and Pm, based on the structure of the SK⅐micro-Pm complex (17) . Because the structure only shows the Pg catalytic domain; however, LBS-independent interactions of segments of SK that are disordered in the structure could contribute to binding to intact Pg and Pm. Such interactions are thought to represent a minor contribution because most of the structure is defined. Assessment of the LBS-independent and -dependent interactions with [Lys]Pg compared with [Lys]Pm indicates that the 2400-fold higher affinity of SK for the activated conformation of the Pg catalytic domain is a result of increased LBS-independent interactions involving not only the ␣-domain but all three SK domains. LBS-dependent interactions of SK occur through Pg and Pm kringle domains (8, 11, 12, 14, 32) . Our results do not support a previous hypothesis (17) and observations (25) implicating the SK-(1-59) residue sequence of the ␣-domain in LBS interactions with Pg. The results indicate that residues of SK that enhance the affinity of Pg and Pm binding SK through kringle interactions to form the catalytic SK⅐Pg* and SK⅐Pm complexes are located in the ␤␥-domains.
A limitation of the analysis was that the free energy difference between LBS-independent binding and the total binding energy represented the sum of the free energies of LBS-dependent binding and coupling of LBS-dependent and -independent interactions. This could not be resolved further because of the absence of reliable dissociation constants for LBS-dependent binding of SK mediated by Pg and Pm kringles. Literature values for binding of SK proteolytic fragments and isolated domains to kringles and multiple kringle fragments vary from 13 nM to 7 M, and include conflicting results for kringle 5 (14, 25, 32) . It is also unclear precisely which kringles are involved. Consequently, further analysis of the observed free energy differences was not possible.
The most striking feature of the results was the expression of a substantial increase in the contribution of LBS-dependent free energy or coupling free energy for Pg and Pm interactions accompanying truncation of the SK ␣-domain. No significant differences were observed between the affinities of SK-(55-414), SK-(70 -414), and SK-(152-414) for all Pg and Pm species, consistent with the previous finding that deletion of SK-(1-59) results in unfolding of the ␣-domain (10, 26, 31 ␤␥ assumes a different structure that bridges differently the LBS-dependent interactions with Pg kringles and LBS-independent interactions with the Pg catalytic domain. This difference in bound conformation can be interpreted in terms of the flexibility of the linked SK domains (18) . SK behaves in solution as three independent domains connected by flexible segments, allowing SK to assume a variety of different conformations. As seen in the crystal structure of the SK⅐micro-Pm complex (17) , when bound, SK assumes a well defined conformation in which the three domains surround the micro-Pm catalytic site. These observations indicate that the domains arrange on forming complexes with the Pg and Pm catalytic domains. The finding that the ␣-domain by itself under crystallization conditions binds to a different location on micro-Pg compared with micro-Pm may be an artifact of crystallization, or it may illustrate the need for covalent linkage between the domains to restrict alternative modes of binding (24) . The observed redistribution of binding free energy between SK ␣␤␥ and SK ␤␥ and the resulting change in bound conformations are thought to be allowable because of the flexible linkers and the loss of SK ␣-domain LBS-independent interactions that constrain the bound SK ␣␤␥ conformation. Previous studies of the properties of SK ␣-domain truncation and point mutants have concluded several roles for this domain in Pg activation. The overall losses in binding affinity accompanying ␣-domain deletion may explain some of the reported differences in Pg activation associated with these mutations. In studies of single and two-domain SK constructs, dissociation constants for Pm were not taken into account in analysis of [Glu] Pg activation by mixtures of the mutant SKs and Pm (15) . The large differences in apparent k cat seen in these studies may be due in part to loss of affinity for Pm. Because of the critical role of SK Ile 1 in conformational Pg activation, truncation of the ␣-domain renders SK unable to activate Pg non-proteolytically (15, 20, 21, 25, 33) . The observation that SK-(60 -414) has lower activity in activating [Glu]Pg, but shows an enhanced fibrin dependence of its activation (25, 33) in the structure of the SK ␤␥ ⅐Pm complex and enhanced LBSmediated binding contribute to enhanced fibrin binding by the complex, although the mechanism for this is unknown. Mixtures of SK-(60 -414) and Pm have also been shown to be more susceptible to inhibition by antiplasmin compared with SK ␣␤␥ (25, 33) . This probably reflects the lower affinity of SK ␣-domain truncation mutants for Pm, which allows antiplasmin to react with the higher concentration of free Pm in equilibrium, resulting in dissociation of the complex, rather than an intrinsically greater reactivity of the SK-(60 -414)⅐Pm complex. In addition to effects caused by loss of affinity, the apparent difference in bound conformation of native SK and ␣-domain truncation and deletion mutants suggests that complex effects on the kinetics of Pg activation can be expected. Further studies of Pg activation initiated by the SK mutants will be needed to determine the kinetic consequences of the differences in the bound SK structures.
Based on the results of the present studies, alteration of the functional properties of other SK domain deletion and point mutants in which individual domain interactions are affected may also result in rearrangement of the mutant-SK⅐Pg/Pm interactions and contribution from LBS-independent and -dependent binding to complex stability. This suggests that loss of function accompanying such mutations may not be easily interpreted as loss of a specific function of a particular domain without consideration of the interdependency of the domain interactions with Pg and Pm.
